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Introduction
Many cancers, including prostate, breast and lung express parathyroid hormone related protein
(PTHrP). Despite the common tumor overexpression of PTHrP, serum levels of PTHrP are not
commonly elevated in affected patients. We postulate that the reasons for the discrepancy
between tissue and serum measurements of PTHrP are the inadequate sensitivity and specificity
of current PTHrP serum assays. To improve the clinical value of PTHrP serum assays for the
cancer patient, we are developing a new generation of novel and ultrasensitive PTHrP serum
immunoassays based on immunoaffinity purification, nanospray liquid chromatography tandem
mass spectrometry (LC/MS/MS) and accelerator mass spectrometry (AMS).

Methods and Instrumentation
LC/MS/MS (Finnigan LCQ) equipped with a nanospray interface we built is being used to
identify cancer-specific forms of PTHrP. Based on the LC/MSMS data, a two site immunoassay
to quantify PTHrP and related peptides is being developed. The immunoassay uses a monoclonal
capture antibody and a biotinylated secondary antibody. Streptavidin labeled with 14C is the
detection signal. After removing non-specifically bound 14C, the radiolabel is then analyzed
using AMS (Lawrence Livermore National Laboratory) to determine the amount of PTHrP
initially present.

Preliminary Data
Using the nanospray interface, the signal to noise was greater than 100:1 for 120 fmoles of
PTHrP67-86, demonstrating our ability to identify the femtomolar amounts of these peptides
expected in biological specimens. PTHrP140-173 and a mutant form of PTHrP termed D5 were
incubated with a cellular extract from an immortalized human cell line. The native proteases in
the cellular extract processed nearly all of the parent PTHrP peptides. Analyses using
LC/MS/MS showed distinct peptide maps for PTHrP140-173 and the D5 mutant. The y and b ion
series correctly identified the initial sequence of the mutant as TALLWGLGQK vs. the native
form of TALLWGLK. In order to sequence endogenous peptides present in biological samples,
we have developed a series of antibodies covering the entire linear portion of PTHrP and linked
them to Sepharose beads so they can be used to immunoaffinity purify the peptides of interest.
The two antibodies with the highest affinity (R115 and R1793) were used to isolate PTHrP from
serum samples that had been supplemented with PTHrP1-34 and PTHrP107-139. R115
recognizes the amino-terminal peptide (1-34) and R1793 recognizes the carboxy-terminal
peptide (109-141). LC/MS/MS analysis of the immunoaffinity purified peptides showed that
R115 and R1793 isolated peptides with spectra consistent with PTHrP1-34 and PTHrP107-139



respectively. This demonstrates our ability to isolate specific peptides from a complex biological
matrix that could subsequently be identified using LC/MS/MS. We exploited the attomole

Figure 1. Product ion spectra of A) Initial amino acids of PTHrP140-173. B) initial amino acids of D5
synthetic variant.

sensitivity of 14C-AMS by labeling streptavidin with 14C formaldehyde. A standard curve for
PTHrP 1-141 was generated from 0 to 1.3 pmol/mL using AMS and the two site immunoassay
routinely performed in our laboratory. These results showed that mass spectrometry can be used
in combination with immunological procedures to isolate, identify, and quantify PTHrP and
other biologically related peptides.

Figure 2. Mass spectrometric immunoassay for PTHrP. Standard curve for PTHrP 1-141 determined
with two site immunoassay using 14C labeled streptaviden and Accelerator Mass Spectrometry (N=3, each
data point). The limit of detection of this initial experiment is 160 pg/mL.

Novel Aspect
MS can be used to develop sensitive and specific PTHrP immunoassays to improve the clinical
management of patients with PTHrP producing cancers.
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